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PREFACE 
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AFB,  Texas  and  conducted  under  USAD1604,  Combat  Air  Crew  Performance.  The 
research  was  accomplished  as  a joint  effort  between  the  Crew  Performance  Division, 
School  of  Aerospace  Medicine,  and  the  Personnel  Research  Division,  Air  Force  Human 
Resources  Laboratory. 
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METHODOLOGY  TO  ASSESS  PSYCHOLOGICAL  STRESS  AND  ITS 
IMPACT  IN  THE  AIR  COMBAT  ENVIRONMENT 


I.  INTRODUCTION 

Operations  within  an  air  combat  environment 
are  typically  associated  with  subjective  feelings  of 
strain,  pressure,  and  tension.  Research  and  anec- 
dotal reports  indicate  that  these  feelings  are 
common  to  almost  all  personnel  in  combat  and  are 
typically  not  moderated,  but  rather  increase  with 
the  individual's  length  of  exposure  to  the  combat 
setting  (Shaffer,  1951).  These  subjective  experi- 
ences may  be  subsumed  under  the  rubric  of  stress. 
(Although  the  term  stress  has  been  applied  to 
many  different  phenomena,  herein  it  shall  be  used 
to  connotate  the  psychological  experiences  deline- 
ated above.)  Previous  research  on  stress  has  led  to 
one  important  relationship  of  particular  relevance 
to  performance  in  air  combat;  i.e.,  the  more 
complex  the  task,  the  greater  the  impact  resultant 
from  stress  (Yerkes-Dodson  Law).  It  would  seem 
reasonable  to  assume  that  the  task  of  piloting  a 
high  performance  jet  aircraft  to  a target,  avoiding 
enemy  threat,  striking  the  target,  and  returning  a 
possibly  battle-damaged  aircraft  to  base,  would 
represent  a very  complex  assignment  of  the  type 
easily  disrupted  by  stress.  However,  little  research 
has  been  conducted  on  the  relationship  between 
stress  and  performance  in  air  combat,  and  what 
research  is  available  (e.g.,  Austin,  1969)  has 
concentrated  on  physiological  indicators  of  stress 
rather  than  directly  on  the  subjective  experience 
and  its  affects.  Therefore,  this  research  was  an 
attempt  to  deal  directly  with  the  issue  of  the 
subjective  experience  of  stress  and  the  relationship 
between  that  experience  and  performance  in  air 
combat.  Specifically,  the  Directive  of  this  research 
was  to  develop  a methodology  capable  of  (a) 
identifying  which  aspects  of  a typical  fighter  air- 
craft mission  produce  the  experience  of  stress,  (b) 
assessing  the  level  of  stress  generated  by  various 
aspects  of  a fighter  mission,  and  (c)  evaluating  the 
impact  of  those  experiences  on  performance  in  the 
air  combat  environment.  It  should  be  noted  that 
only  very  preliminary  results  from  a trial  study  are 
available.  Therefore,  it  would  be  best  to  consider 
this  report  as  a presentation  of  the  methodology 
which  was  developed  rather  than  a presentation  of 
a completed  research  effort. 


II.  METHOD 

Subjects 

Subjects  were  selected  from  the  membership  of 
the  Red  River  Valley  Fighter  Pilots’  Association. 
Membership  in  this  organization  is  limited  to 
fighter  aircrews  who  have  flown  missions  into  the 
heavily  defended  areas  in  North  Vietnam.  This 
geographic  region  proved  to  be  an  intensely  hostile 
air  combat  arena  with  enemy  threat  coming  from 
interceptor  aircraft,  surface-to-air  missiles,  and 
numerous  antiaircraft  gun  emfiacements.  There- 
fore, members  of  this  organization  have  accrued 
the  most  recent  USAF  experience  of  conducting 
air  operations  in  a major  theater  of  battle.  For  the 
trial  study,  reported  herein,  subjects  were  selected 
from  the  loc^  San  Antonio  Qiapter  of  the  Red 
River  Filter  Riots’  Association.  A follow-up 
study,  now  in  progress,  will  utilize  subjects  selec- 
ted on  an  expanded,  national  basis. 

Development  of  the  Survey  Instrument 

To  obtain  data  on  stress  and  <ts  impact  on  air 
combat  performance,  the  Combat  Stress 
Questionnaire  (Appendix  A)  was  developed.  The 
main  body  of  the  questionnaire  is  a listing  of 
specific  events  which  a pilot  might  expect  to 
encounter  during  fighter  aircraft  missions  to 
heavily  defended  targets.  These  events  range  from 
cockpit  checkout  throu^  film  assessment  and 
include  events  which  would  occur  on  every 
mission;  e.g.,  take-off  to  events  which  occur  with 
fortunate  rarity;  e.g.,  aircraft  damage  - requiring 
emergency  action.  For  each  item  listed,  the 
respondent  is  asked  to  make  two  responses:  first, 
to  indicate  how  frequently  this  event  occurred; 
and  second,  to  indicate  the  stress  level  of  that  event. 
Other  information  requested  on  the  survey 
includes  how  frequently  the  respondent  flew 
various  types  of  missions  (e.g.,  interdiction),  the 
overall  stressfulness  of  that  type  of  mission,  infor- 
mation regarding  the  respondent’s  flight 
experience,  and,  fqr  various  types  of  missions,  an 
estimate  of  the  number  of  sorties  that  could  be 
flown  effectively  by  a single  pilot  in  a 2-week 
period  under  the  stress  levels  encountered  during 
missions  flown  into  North  Vietnam.  Finally,  the 
respondents  were  asked  to  provide  any  additional 
information  which  they  considered  relevant 
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concerning  stress  and  its  affect  on  combat  per- 
formance. Administration  time  for  the  Combat 
Stress  Questionnaire  is  estimated  to  be  15—20 
minutes.  A copy  of  the  Combat  Stress  Question- 
naire is  provided  in  Appendix  A. 

Statistical  Procedures 

The  respondent’s  indication  of  the  frequency  of 
any  event  occurring  and  his  estimate  of  the  stress 
associated  with  that  event  were  combined  to 
generate  an  event  stress  factor.  This  factor  is  the 
product  of  frequency  x stress  (coded  as  per 
Appendix  A).  This  process  produces  a stress 
factor,  reflective  of  both  the  probability  and  effect 
of  any  particular  event  and  can  be  averaged  with 
other  event  stress  factors  to  produce  a stress  factor 
associated  with  a particular  phase  of  a fighter 
mission.  For  this  study,  a mission  was  divided  into 
eight  phases,  (a)  ground  operations,  (b)  take-off, 
(c)  enroute  procedures,  (d)  mission  responsibility, 
(e)  combat  operations,  (0  + Gj  exposure,  (g)  air- 
craft damage,  and  (h)  landing.  The  specific  events 
comprising  each  mission  phase  are  presented  in 
Figure  1. 

Since  mission  phase  stress  factors  are  averages, 
not  affected  by  the  numbers  of  events  per  phase, 
they  are  comparable  and  can  be  used  to  indicate 
which  phase  of  a mission  is  more  or  less  stressful 
than  other  phases.  To  evaluate  the  impact  of  stress 
on  performance,  a stepwise  linear  regression 
analytic  approach  was  used.  The  dependent  vari- 
able (criterion)  for  this  analysis  was  the 
respondent’s  estimate  of  how  many  missions  (only 
of  the  specific  type  which  the  respondent  flew 
most  often)  a pilot  could  fly  effectively  in  2 weeks 
under  the  stress  levels  encountered  in  flying 
missions  into  North  Vietnam.  The  predictors  for 
this  analysis  were  the  mission  phase  stress  factors 
formed  from  that  subject's  responses.  Although 
both  predictors  and  criterion  are  subjective  data, 
they  are  appropriate  here  since  the  phenomena  of 
stress  is  a subjective  experience.  For  the  trial 
administration  of  the  Combat  Stress  Question- 
naire, relatively  few  subjects  were  obtained,  so  no 
further  statistical  analyses  were  accomplished; 
however,  when  sufficient  data  have  been  obtained, 
a more  complete  statistical  analysis  of  the  data  will 
be  possible. 


III.  RESULTS  AND  DISCUSSION 

From  the  trial  administration  of  the  Combat 
Stress  Questionnaire,  complete  data  sets  were 
obtained  from  16  subjects.  Therefore,  it  should  be 
emphasized  that  these  preliminary  results  are  an 


example  of  what  can  be  obtained  through  this 
method  rather  than  the  product  of  a completed 
research  effort.  The  extended  application  of  this 
methodology  to  a much  larger  sample  is  currently 
in  progress,  and  it  is  anticipated  that  more 
conclusive  results  will  be  forthcoming. 

Mission  phase  stress  factors  were  calculated  and 
are  presented  in  comparative,  graphic  form  in  ' 

Table  1.  It  can  be  seen  that  combat  operations 
generated  the  greatest  stress  factor,  followed  by 
exposure  to  + Gj,  mission  responsibility,  enroute  < 

procedures,  ground  operations,  aircraft  damage, 
take-off,  and  finally,  landing.  Although  finding 
that  combat  operations  produced  the  greatest 
stress  was  not  surprising,  finding  that  -i-  G^ 
exposure  produced  the  next  greatest  stress  was 
somewhat  unanticipated.  This  mi^t  result  from  a 
complex  interaction  between  physiology  and 
psychology  arising  from  abnormi  strain  on  the 
body  or  the  fact  that  high  + Gj  maneuvering  might 
occur  primarily  in  the  presence  of  enemy  threat. 

Further  research  is  needed  on  this  point. 

To  evaluate  the  relationship  between  mission 
phase  stress  factors  and  performance,  a stepwise 
linear  regression  was  performed.  The  results  of 
that  analysis  are  summarized  in  Table  2.  It  can  be 
seen  from  this  analysis  that  only  the  mission  phase 
stress  factor  associated  with  take-off  was  signifi- 
cantly (p  < .05)  related  to  the  measure  of  air 
combat  performance.  However,  given  the  small 
sample  size  used  in  this  trial  administration, 
finding  any  significant  relationship  could  be 
interpreted  as  indicative  that  the  methodology 
may  be  useful  in  researching  this  area. 

Although  the  relationships  between  the  other 
mission  phase  stress  factors  and  the  criterion  were 
not  statistically  significant,  it  is  interesting  to 
consider  their  entry  into  the  stepwise  procedure. 

From  the  order  of  entry,  it  would  appear  that 
stress  felt  before  actual  combat  begins  (firing 
and/or  being  fired  upon)  is  more  reflective  of 
performance  than  stress  experienced  during  actual 
combat.  This  relationship  was  partly  supported  by 
several  of  the  written  comments  supplied  by  the 
respondents.  These  comments  mi^t  be  sum- 
marized as  indicating  that  the  pilot  experiences 
more  stress  on  the  way  toward  the  target  than  over 
the  target.  Some  respondents  indicated  that  they 
felt  stress  only  until  the  aircraft  was  airborne,  then 
proceeded  to  feel  more  and  more  relaxed  as  the 
mission  was  flown.  However,  it  is  not  clear  at  this 
time  whether  the  relationships  found  in  the  trial 
administration  will  be  representative  of  those  re- 
lationships which  will  be  found  with  the  larger 
national  sample. 
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PhaM  I — Ground  Oparatiom 


PhaM  V — Gj  Expoiure 


+ Gz  Exposure  — 8.5g 
+ Exposure  — 4.5g 
+ Gj  Exposure  — 2.0g 

Phase  VI  — Combat  Operations 

Air-Air  Threat  Exposure  (ACM)  - One  Encounter 
Air-Air  Threat  Exposure  (ACM)  — More  than  One  Encounter 
Air-Ground  Exposure  (ATG)  — 6 passes 
Air-Ground  Exposure  (ATG)  — 3 passes 
Air-Ground  Exposure  (ATG)  — 1 pass 
Ground  Threat  — 80mm,  SAM's 
Ground  Threat  — 80mm,  57mm,  37mm 
Ground  Threat  - Small  Arms,  37mm 
Time  Spent  on  Target  (ATA)  — 2 minutes 
Time  Spent  on  Target  (ATA)  — 4 minutes 
Time  Spent  on  Target  (ATA)  — 6 minutes 

Phase  VII  — Dantaga 

Aircraft  Damage  — Requiring  Emergency  Action 
Aircraft  Damage  — Requiring  Precautionary  Landing 
Aircraft  Damage  — Insufficient  Damage  to  Interrupt  Mission 

Phase  VIII  — Landing 

Landing,  Day,  Gear 
Landing,  Day,  Instrument  Perpetration 
Landing,  Night,  Clear 
Landing,  Night,  Instrument  Pentration 
Barrier  Engagement 

Figure  1.  Events  comprising  mission  phases. 

Table  1.  Mission  Phase  Stress  Factors 
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Mission  Phases  ^ 


(^kpit  Checkout 
Engine  Start 
Taxi 

Weapon  Armament 
Debriefing 
Film  Assessment 

Phasa  II  - Taka-OH 

Day  Take-Off,  Clear  Conditions 
Day  Take-Off,  Instrument  Conditions 
Night  Take-Off,  Clear  Conditions 
Night  Take-Off,  Instrument  Gjnditions 

Phasa  III  — Enrouta  Piooaduies 

Ground  Aborts 

Air  Aborts 

Air-Air  Refueling 

Air-Air  Refueling  Disconnects 

Four  Ship  Formation  Flying 

Tvwelve-Sixteen  Ship  Formation  Flying 

POD  Formation  Flying 

Phasa  IV  — Mission  Responsibility 

Flying  as  Mission  Commander 
Flyitpg  as  Flight  Commander 
Flying  at  Element  Leader 
Flying  as  Wing  Man 


Table  2.  Summary  of  Regression  Analysis  — 
Relationship  Between  Mission  Phase  Stress 
Factors  and  Air  Combat  Performance  * 


Mission  Phasa^ 

R* 

Clian9«  in 

Sisnlflcanca 

Lavel 

Takc-Ori 

.334 

.334 

.019 

Ground  Operations 

.400 

.065 

.256 

Mission  Responsibility 

.512 

.116 

.1  16 

Enroute  Procedures 

.602 

.086 

.151 

+ [Exposure 

.627 

.025 

.431 

Aircraft  Damage 

.643 

.016 

.547 

Combat  Operations 

.669 

.026 

.451 

Landing 

.671 

.003 

.821 

“Performance  being  assessed  by  the  number  of  combat 
missions  a subject  would  fly. 

Listed  in  order  of  entry  into  the  stepwise  procedure. 


IV.  CONCLUSIONS 

It  would  appear  from  the  results  of  the  trial 
administration  of  the  Combat  Stress  Questionnaire 
that  this  methodology  may  be  useful  in  evaluating 
psychological  stress  in  air  combat  and  the  relation- 
ship between  that  experience  and  performance. 
Gaining  a better  understanding  of  this  relationship 
should  be  of  use  to  operational  strategists  and 
operational  managers,  and  within  the  training 
environment.  In  particular,  once  a data  base  has 


been  established  from  combat  experienced  per- 
sonnel, similar  data  might  be  obtained  from 
participants  in  simulated  combat  and  comparisons 
drawn  to  highlight  differences  and  similarities.  It  is 
also  possible  that  as  more  becomes  known  about 
stress,  a stress  management  factor  might  be 
introduced  into  the  pilot  screening  program, either 
at  the  point  of  initial  selection  or  at  differentiation 
into  aircraft  assignments.  However,  much  research 
is  needed  before  that  point  could  be  reached.  In 
summary,  based  upon  the  trial  administration  of 
the  Combat  Stress  Questionnaire,  it  would  appear 
that  this  methodology  will  be  useful  and  that  there 
appears  to  be  some  quantifiable  relationship 
between  the  experience  of  stress  and  performance 
within  the  air  combat  environment. 
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Ground  Aborts 


27.  Air-Ground  Exposure  (ATG)  - 1 pass 


In  this  section,  for  each  type  sortie  listed  below.  Indicate  how  frequently  you  flew  that  type  of  mission 
and  overall  how  stressful  that  type  of  mission  was. 
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